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PROCESSING  COST  REDUCTION  PROGRAM 
FREEZE  DRIED  FOODS 


INTRODUCTION 

The  Armed  Forces  Food  Science  Establishment  (AFFSE)  has  been  involved  in  the  development 
of  freeze  dried  meals  for  use  in  Army  rations  since  the  early  1960's 

In  1972  a  freeze  drying  plant  was  commissioned  at  AFFSE  The  plant  was  installed  to 

-  further  develop  freeze  dried  foods  for  use  in  Australian  Army  Patrol  Ration  packs; 

-  provide  dried  foods  for  the  training  requirements  of  the  Australian  Army;  and 

-  provide  operating  data  for  use  by  the  Australian  food  industry  in  times  of  mobilization. 

Although  freeze  dried  meals  produced  on  the  pilot  plant  at  AFFSE  were  acceptable  for  Army 
training  requirements,  cost  remained  high  Therefore,  in  1 974  the  AFFSE  initiated  a  research  project 
to  try  to  reduce  the  processing  costs  of  freeze  dried  meals  being  produced  at  AFFSE  for  the  Australian 
Army 

Concurrently  attempts  were  made  to  increase  the  range  of  freeze  dried  meals  and  to  improve 
acceptability 

As  an  initial  approach  the  effects  on  processing  costs  of  the  following  variables  were  examined; 

■  heating  plate  temperature  profile 

•  vacuum  chamber  pressure 

■  vacuum  break  condition 

-  product  moisture  level 

-  tray  loading  density 

-  wet  material  solids  concentration. 

This  paper  reports  the  effect  on  throughput  rates  and  processing  cost  of  the  research  program 
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BACKGROUND 


USER  REQUIREMENTS: 

The  design,  development  and  procurement  of  freeze  dried  foods  for  use  in  Australian  Army  Patrol 
Ration  One  Man  (PRIM)  pack  is  dictated  by  a  number  of  Army  documents  including  Army  Equipment 
Planning  Summary  (AEPS)  No  69  —  Operational  Rations,  and  Army  Staff  Requirement  ( ASR)  69  1 
—Operational  Rations  These  documents  require  that  freeze  dried  meals  for  the  PRIM  pack  should 
be; 


-  nutritionally  adequate 

-  highly  acceptable  and  satisfying 

-  varied 

-  simple  to  prepare;  and 

-  readily  digestible. 

Furthermore,  service  requirments  dictate  that  the  meals  should  be 

-  as  compact  and  as  light  as  is  consistent  with  other  essential  characteristics 

-  produced  as  economically  as  possible. 

■  packaged  so  that  the  contents  are  protected  against  exposure  to  the  environment  and 

-  have  a  preparation  time  of  approximately  5  minutes 

The  meal  must  have  a  storage  life  of  at  least  one  year  under  tropical  conditions,  and  at  least  two 
years  under  temperate  conditions 

THE  FREEZE  DRYING  PROCESS; 

Freeze  drying  is  the  process  of  removing  ice  from  a  frozen  food  by  applying  heat  under  low  water 
vapour  pressure  so  that  the  ice  sublimes  For  this  it  is  necessary  to  reduce  the  water  vapour  pressure 
to  below  the  triple  point  value  (4  58  torn  Heat  is  applied  to  the  food  either  by  conduction  or  by 
radiation  Appendix  I  is  a  simplified  representation  of  food  being  freeze  dried  It  consists  of  a  frozen 
core  with  a  dry  layer  around  it 

The  water  is  initially  sublimed  from  the  surface  of  the  food  with  the  ice  core  receding  as  the  drying 
continues  The  frozen  core  is  maintained  at  sub-zero  temperatures  (below  melting  point  —  fO  'Cto 
-20°C)  throughout  the  drying  process  The  temperature  of  the  dried  layer  is  maintained  at  a  low 
temperature  to  reduce  organoleptic  deterioration  Although  radiation  temperatures  of  approximately 
150°C  are  common  in  freeze  drying,  the  dried  food  layer  is  cooled  by  the  low  temperature  water 
vapour  subliming  from  the  ice  interface  It  is  usually  maintained  below  50 X  (Appendix  2i 

The  chamber  pressure  is  generally  m.amtained  below  1  torr  absolute  pressure  which  is 
consistent  with  maintaining  the  frozen  core  of  the  food  Because  the  water  in  the  food  remains  m  a 
frozen  state  until  sublimation,  there  is  no  shrinkage  of  the  food  during  the  process 

Freeze  drying  is  capital  and  energy  expensive  Because  the  capital  equipment  cost  per  unit  of  dry 
product  output  IS  high,  a  considerable  amount  of  development  effort  has  been  devoted  to  ways  of 
increasing  the  freeze  drying  rate  (a  10  to  14mm  thick  slab  of  casserole  type  meal  can  take  6  to  7  hours 
to  treeze  dry  to  less  than  2%  moisture) 

The  freeze  drying  rate  is  determined  by  the  rate  at  which  energy  i  heat)  is  supplied  to  the  frozen 
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ice  core  and  the  rate  at  which  water  vapour  is  removed  from  the  ice  interface  In  general  terms 

Energy  (Sublimation)  Ralea  K  A  t 
d 

Where  K  =  thermal  conductivity  of  dried  layer 

A  t^  temperature  difference  surface  of  food  and  ice  interface 
d  "  thickness  of  dried  layer 

Diffusion  Rate®  Dap 
d 

Where  D  =  diffusion  coefficient 

A  p  =  pressure  difference  vapour  at  ice  interface  and  surface  of  food 
d  =  thickness  of  dried  layer 

During  freeze  drying  the  sublimation  rale  and  diffusion  rate  are  m  equilibrium  The  heat  transfer 
rate  and  the  wafer  removal  rate  must  be  increased  simultaneously  if  drying  time  is  to  be  reduced 
Reduction  of  food  thickness  (d)  represents  the  easiest  approach  of  increasing  drying  rate  In  some 
instances  this  is  limited  by  ingredient  size 

The  heat  stability  is  largely  dictated  by  the  temperature  tolerance  characteristics  of  the  food 
Furthermore,  the  pressure  difference  (Ap)  is  influenced  by  the  melting  characteristics  Therefore 
changes  to  the  thermal  conductivity  and  the  diffusion  coefficient  are  necessary 
to  achieve  an  increased  freeze  drying  rate 

Since  the  thermal  conductivity  increases  with  pressure  (appendix  3 1  the  sublimation  rate  can  be 
increased  by  raising  the  drying  chamber  pressure  However,  since  the  resistance  to  water  vapour 
removal  increases  at  higher  pressure,  the  diffusion  rate  will  decrease  and  a  pressure  may  be  reached 
which  causes  melting  Thus  the  heat  transfer  rate  will  limit  the  overall  rate  of  freeze  drying  at  low 
pressures,  and  the  diffusion  rate  at  higher  pressures 


An  alternative  method  of  trying  to  reduce  the  freeze  drying  time  has  been  proposed  by  Mellor 
(1967)  This  method  involves  cycling  the  chamber  pressure  to  try  to  separately  optimise  the 
Sublimation  rate  and  the  diffusion  rate  whilst  maintaining  the  ice  interface  below  the  melting 
temperature 


The  cyclic  pressure  process  involves  alternately  cycling  the  vacuum  chamber  pressure 
between  a  '  high"  pressure  usually  for '  to  1  minute  to  increase  the  heat  transfer  rate  and  a  '  low " 
pressure  usually  for  3  to  4  minutes  to  increase  the  water  removal  rate  A  hydrodynamic  flow  can  be 
produced  when  the  external  vacuum  pressure  is  suddenly  reduced  m  the  chamber  thus  aiding  water 
removal  (Appendix  4) 


Although  the  cyclic  process  can  reduce  freeze  drying  time  for  some  food  products  where  the 
heat  input  rate  is  limited  by  the  use  of  a  low  chamber  pressure  operation  it  is  probably  inferior  to  a  near 
optimal  constant  pressure  process  (Litchfield.  Liapis  &  Farhadpour  1981 ) 

MATERIALS  AND  METHODS 


FREEZE  DRYING  PLANT: 


The  freeze  drying  operation  is  undertaken  at  the  AFFSE  m  a  pilot  scale  freeze  drying  plant  which 
was  manufactured  in  Australia  by  James  Budge  Pty  Ltd  It  was  commissioned  at  AFFSE  in  1972 
(Appendix  5)  The  plant  is  a  batch  type  freeze  dryer  with  radiant  heating  plates  A  heat  transfer  fluid  is 
used  as  the  heating  and  cooling  source  The  temperature  can  be  controlled  m  the  range  20  C  to 
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150°C  ±  2°C  The  plate  heating  area  is  23  m'  A  two  stage  mechanical  evacuation  system 
comprising  a  roots  type  blower  booster  pump  and  a  rotary  valve  pump  is  capable  of  achieving  a 
vacuum  of  01  torr  within  5  minutes  in  the  vacuum  chamber 

A  23  m‘  refrigerated  condenser  is  located  in  the  vacuum  chamber  to  condense  water  vapour 
The  refrigeration  system  is  capable  of  maintaining  a  temperature  of  -40‘’C  at  the  condenser  at  a 
chamber  pressure  of  1  torr  at  a  freeze  drying  rate  of  60  kg/hr  of  water 

Food  is  loaded  on  to  black  anodised  aluminium  freeze  drying  trays  which  are  transferred  from  a 
blast  freezer  to  the  vacuum  chamber  on  carrier  trollies  The  trays  interleave  between  the  heating 
plates  in  the  vacuum  chamber.  Each  tray  is  870  long  x  420  wide  x  16  mm  deep  (0  37  m  area)  and 
there  are  64  trays  on  the  carrier  trolley  The  vacuum  chamber  is  1 .54  m  in  diameter  and  3  66  m  long 

Thermocouples  connected  to  a  12  point  temperature  recorder,  and  a  pirani  type  vacuum 
recorder  are  used  to  monitor  the  process  The  heating  plate  temperature  profile  and  the  vacuum 
chamber  pressure  can  be  controlled  automatically  using  preset  programs.  The  freeze  drying  plant  is 
capable  of  processing  approximately  250  kg  of  wet  material  in  an  8  hour  shift  to  a  product  moisture 
content  of  less  than  2%. 

FREEZE  DRIED  MEALS: 


There  are  six  freeze  dried  meal  varieties  used  in  the  PRIM  packs  The  average  mass  of  each  of 
the  packs  is  850g.  and  the  bulk  is  5  4L  ( 1 90  x  1 50  x  1 90)  Each  pack  contains  two  freeze  dried  meals 
weighing  1 1 0g  each  The  meals  are  vacuum  packed  (30  torr  absolute)  in  flexible  laminate  pouches 
(polyester/polyethylene/foil/polyethylene)  and  can  be  reconstituted  Inside  the  pouch  if  required 
using  350  ml  of  wafer. 

Precooked  ready-to-eat  casserole  type  meals  containing  large  proportions  of  identifiable  cuts  of 
various  types  of  meat  have  been  shown  by  field  surveys  as  being  the  most  acceptable  to  the 
Australian  Servicemen.  In  designing  the  product  formulation,  careful  consideration  is  given  to: 

(1 )  the  quality  of  the  raw  materials  —  a  high  percentage  of  fat  inhibits  complete  rehydration  of 
meat  and  is  liable  to  rancidity 

(2)  selection  of  ingredients  —  foods  with  high  soluble  solids  content  are  generally  more  difficult 
to  freeze  dry;  and 

(3)  cooking  method  —  tenderness  of  cooked  freeze  dried  meat  is  significantly  affected  by  the 
cooking  method  (Driver  &  Venkata  Raman,  1977) 

The  six  meal  varieties  currently  used  (1983)  in  the  PRIM  packs  are: 


Lamb  and  Vegetable  Curry  Ration  Pack 
Beef  and  Green  Beans  Menu  A 


Beef  and  Onions  Ration  Pack 

Roast  Pork  and  Gravy  Menu  B 


Spaghetti  and  Meal  Sauce  Ration  Pack 

Savoury  Steak  Fingers  Menu  C 


Each  of  the  six  meals  has  a  taste  panel  rating  of  at  least  6  tor  acceptability  (9  point  Fledonic  Scale. 
Appendix  6)  which  corresponds  to  a  "like  slightly"  rating  m  descriptive  terms  (Appendix  7 ) 

METHOD; 

All  of  the  freeze  dried  meals  are  prepared  at  AFFSE  from  fresh  or  frozen  raw  materials  using 
standard  operation  procedures  (Appendix  8) 

The  raw  materials  and  freeze  dried  products  are  required  to  meet  the  Australian  Defence  Forces 
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Food  Specifications  (ADFFS)  and  in-house  standards  The  cooked  meals  are  spread  onto  freeze 
drying  trays,  frozen  in  a  blast  freezer  to  -25°C  and  stored  overnight,  prior  to  the  freeze  drying 
operation 

Previous  experience  on  a  laboratory  size  freeze  drying  plant  had  shown  that  for  each  meal 
variety: 

(1 )  the  product  surface  temperature  should  be  maintained  below  50°C  to  prevent  excessive 
heating:  and 

(2)  the  frozen  core  or  deep  material  temperature  should  be  maintained  at  less  than  -1 0‘^C  to 
prevent  melting. 

T ypical  heating  plate  temperature  profiles  and  vacuum  chamber  pressure  profiles  for  each  of  the 
meals  are  listed  in  Appendix  9.  A  drying  time  of  no  greater  than  8  hours  was  dictated  by  normal  shift 
requirements. 


The  product  surface  temperature  and  deep  core  temperatures  were  monitored  by  use  of 
thermocouple  probes.  The  result  ot  in-house  taste  panel  assessments  on  the  freshly  dried  product 
was  used  to  monitor  product  acceptability.  The  acceptability  ot  the  freeze  dried  meals  was  to  be 
maintained  or  improved  as  the  meals  were  to  be  used  during  Army  training 

All  the  raw  materials  were  routinely  inspected  for  conformity  to  ADFFS 

Each  batch  of  freeze  dried  meals  was  routinely  tested  to  meet  microbiological  standards  for 
standard  plate  count,  coliforms.  E.  Coll,  Salmonellae,  staphylococci,  and  yeasts  and  moulds 
Moisture  content  was  determined  on  a  representative  sample  of  each  batch  of  freeze  dried  meal 
Analyses  for  moisture,  fat,  ash,  protein,  salt,  ascorbic  acid,  and  thiamin  were  conducted  on  composite 
samples  from  each  meal  (Appendix  10) 

Acceptability  was  determined  on  the  freshly  prepared  and  stored  product  by  a  semi-trained 
in-house  taste  panel  (Appendix  6) 

Acceptability  to  Army  users  was  also  undertaken  on  some  meals  (Appendix  14) 

RESULTS  AND  DISCUSSION 

The  dry  solids  throughput  rates  for  freeze  dried  meals  were  increased  by  an  average  of  45%  m 
the  period  1974  to  1979  (Appendix  1 1 ).  The  improvement  in  throughput  rates  was  achieved  by: 

-  reformulation  changes  which  produced  meals  that  had  relatively  higher  solids  concentrations. 

-  structures  that  freeze  dried  more  rapidly:  and 

-  the  use  of  higher  average  heating  temperature  profiles 

The  average  wet /dry  ratios  were  reduced  from  3  91  in  1974  to  3  34  in  1979.  an  average 
improvement  in  solids  concentration  of  18%  The  more  concentrated  meals  had  increased  thermal 
conductivities  in  the  dry  layer.  It  is  this  layer  which  limits  the  heat  penetration  from  the  heating  plates  to 
the  cold  ice  front.  The  depression  in  the  freezing  and  melting  points  of  the  products  due  to  the 
increased  solids  concentrations  was  not  a  limiting  factor  However  as  the  solids  concentration 
increased,  the  wet  materials  became  more  difficult  to  spread  uniformly  on  to  the  freeze  drying  frays 
Uniformity  of  material  thickness  is  important  to  ensure  uniform  drying  The  increased  thermal 
conductivity  facilitated  the  use  of  increased  tray  loading  densities  and  higher  average  heating 
temperature  profiles 

The  tray  loading  densities  were  progressively  increased  from  an  average  of  9  6  kg  /  mini  974  to 


1 1 .2  kg/  m-  in  1 979.  an  Increase  of  1 7%  (Appendix  9).  The  loading  densities  for  all  the  products  except 
pork  were  approaching  an  optimal  level  The  loading  density  for  pork  was  dictated  by  slice  thickness 
The  tray  loadings  were  not  limited  by  the  dimensions  of  the  equipment 

The  maximum  initial  heating  plate  temperature  was  progressively  increased  from  1 00 “"C  in  1 974 
to  150°C  in  1979  (Appendix  9)  Further  increases  in  temperature  are  limited  by  steam  pressure 
Furthermore  trials  on  a  small  laboratory  freeze  dryer  at  the  AFFSE  have  indicated  that  improvements 
to  throughput  rates  by  using  higher  initial  heating  plate  temperatures  are  only  marginal.  A  temperature 
of  1 70°C  could  not  be  maintained  for  more  than  2  hours  if  heat  damage  to  the  surface  of  the  product 
was  to  be  avoided.  There  was  little  improvement  to  the  throughput  rate  using  the  higher  initial 
temperature,  and  an  increased  risk  of  scorching  the  surface  of  the  product. 

Very  little  improvement  in  drying  rates  was  achieved  by  using  cyclic  freeze  drying  methods  on  the 
meals  being  dried  at  AFFSE  As  the  risk  of  thawing  of  foods  is  increased  when  using  this  method, 
further  development  of  the  technique  was  referred  to  laboratory  trials 

Drying  times  were  slightly  reduced  by  increasing  the  final  moisture  content  from  less  than  2%.  to 
3%.  The  higher  moisture  level  did  not  seem  to  adversely  affect  the  product  quality  nor  storage  stability 
The  overall  acceptability  of  each  of  the  meals  was  maintained  throughout  the  program 

No  differences  in  acceptability  were  detected  between  products  where  the  vacuum  in  the  freeze 
drying  chamber  was  equalised  with  either  air  or  nitrogen. 

The  processing  costs  of  freeze  dried  meals  were  reduced  by  an  average  of  31%  in  the  period 
1 974  to  1 979  (Appendix  15)  These  reductions  were  due  to  the  increased  dry  solids  throughput  rates 
Processing  costs  are  inversely  proportional  to  the  dry  solids  throughput  rate.  The  largest  cost 
reduction  of  38%  was  achieved  for  Savoury  Steak  Fingers.  The  lowest  cost  reduction  achieved  was 
21%  for  Beef  and  Onions.  As  there  is  considerable  difference  in  the  dry  solids  throughput  rates 
between  the  different  freeze  dried  meals,  there  is  further  scope  for  reducing  processing  costs  by 
reformulation.  Also  as  raw  material  costs  are  the  major  cost  component  ot  freeze  dried  meals. 
reformulation  of  meals  using  lower  cost  ingredients  on  a  dry  solids  basis,  or  complete  replacement  of 
meals  would  seem  to  offer  considerable  potential  for  achieving  additional  cost  reductions  (Appendix 
1 3).  Major  reformulation  changes  were  not  undertaken  as  part  of  the  experimental  program  because 
of  the  need  for  all  freeze  dried  products  to  meet  specification  requirements 

CONCLUSIONS 


The  processing  costs  of  freeze  dried  meals  produced  at  AFFSE  for  the  Australian  Army  were 
significantly  reduced  in  the  period  1974  to  1979  by  increasing  the  dry  solids  throughput  rate  of  all 
meals  dried  in  the  Budge  freeze  drying  plant  at  AFFSE 

Based  on  in-house  taste  panel  assessments  and  some  field  trials,  the  acceptability  of  each  of  the 
meals  was  maintained. 

There  would  appear  to  be  potential  for  further  reduction  in  the  cost  of  freeze  dried  meals 
produced  at  the  Establishment  by  formulation  changes  and  particularly  the  use  of  lower  cost  (but  not 
lower  quality)  ingredients. 

Because  there  is  a  desire  to  improve  the  acceptability  ot  freeze  dried  meals,  there  is  a  need  to 
continue  product  development  and  to  obtain  regular  field  evaluations  to  provide  current  information 
on  consumer  preference  and  service  suitability  and  needs 
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APPENDIX  1 


REPRESENTATION  OF  FOOD  BEING  FREEZE  DRIED 
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Dried  Laver  interface 


Evacuated  Space 


Radiant  Heater 


i 


8 


I 


V 

X 

5 
z 

u 

6 

Q. 


geo 

SO 


O) 

< 

lil 


oe 

o 

UJ 

N 

lU 

ttl 

flC 

lii 

oe 

o 

u. 

0) 

z 

o 


o 

u 

o 

3 

u 

> 

u 

< 

o 

s 

>• 


QC 

o 

CO 

CO 

LU 

cc 

CL 

§ 

o 


QC 

3 

<o 

CO 

LU 

cr 

Q. 

X 

o 

X 


< 

LU 


r-  <o  ^ 


in  CD  CD  <D  CO  CO 


(/>  W  <0  CO  CO  CO  (/5 

c  c  c  c  c  c  c 

£  i  e  §  6  e  £ 

CO  CO  CO  CO  CO  CO  CO 

o  o  o  o  o  o  o 

i  i  i  E i  EE 

E  E  E  E  E  £  E 

cO  tO  cO  to  uO  cn  cO 

O  O  O  O  O  O  O 


c  c  c  c  c  c  c 

£  £  £  e  E  E  £ 
o  ^  ®  £  5  «2  3 


E  E 
E  E 

in  CM 
—  CM 


E  E 
E  E 


E  E 
E  E 


M3 


TO  O  ee3 
G3  m 
OD  S  03 

«  S  ^  O 

2?  Ol  C 

o  ^  g  o 

■o  w  "o 
c  oO  c 

«J  >'  «3 
O 

Q)  E  >  ^ 

<1)  (0  CD 
CQ  ^  CO  CD 


o 


11 


APPENDIX  7 


TYPICAL  ACCEPTABILITY  RATING  SHEET 
USED  FOR  RATING  FREEZE  DRIED  MEALS 


HEDONIC  RATING  SCALE 

(9  point) 

NAME . DATE . TIME . 

PRODUCT . 

Thjs  product  is  to  be  rated  for  APPEARANCE.  TEXTURE.  FLAVOUR  (TASTE  AND  AROMAl  and  OVERALL 
(GENERAL)  ACCEPTABILITY  Please  place  a  tick  against  what  you  consider  to  be  a  suitable  rating  Any  other 
comments  should  be  given  in  the  space  provided 


RATING 

APPEARANCE 

TEXTURE 
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Excellent  9 

■ 
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Any  Additional  Comments 
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APPENDIX  9 

TYPICAL  FREEZE  DRYING  PROCESSING  CONDITIONS  AND  PERFORMANCE  DATA 

1974, 1977, 1979 
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■  NIT  Nitrogen 


APPENDIX  10 


CHEMICAL  AND  MICROBIOLOGICAL  ANALYSIS  OF  FREEZE  DRIED  MEALS  —  POUCHED 

SAMPLES  — 1979 


Beef  & 
Beans 

Lamb  &  Vege  Savoury  Steak 
Curry  Fingers 

Beef  & 
Onions 

Roast  Pork  & 
Gravy 

Moisture  % 

21 

21 

1  1 

1  7 

1  1 

Fat  % 

21 

23 

10 

11 

24 

Ash  % 

63 

4  2 

87 

67 

54 

Protein  % 

57 

51 

61 

59 

66 

•CHO's  % 

13 

19 

19 

21 

4 

Salt  % 

35 

1  2 

52 

37 

:‘4 

Thiamin  mg/100g 

02 

- 

02 

02 

09 

Ascorbic  Acid  mg/lOOg 

21 

15 

24 

14 

19 

Energy  kJ/IOOg 

1960 

2040 

1730 

1760 

2060 

Standard  Plate  Count/g 

10-3.600 

70-15.000 

10-6.000 

10-1  too 

30-48,000 

(mean  S.P.C./g) 

320 

3240 

710 

too 

2630 

Colitorms/g 

<1 

<1 

<1-4 

<1 

<1  -21 

E.  Coll  Type  l/g 

<1 

<1 

<1 

<1 

<1-18 

Yeasts /g 

<1-4 

<1 

<1 

<1-4 

<1-480 

Moulds/g 

Coagulase  Positive 

<1-5 

<1-7 

<1-3 

<1-2 

<1-1 

Staphylococci/g 

<3-23 

<3 

<3 

<3-4 

<3-93 

Salmomlla  in  25g 

Absent 

Absent 

Absent 

Absent 

Absent 

■  CHO  =  Carbohydrate 
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COMPARISON  OF  AVERAGE  DRY  PRODUCT  YIELD  PER  BATCH  —  FREEZE  DRIED  MEALS  1974, 1977,  A  1979 


I 


)  Brackets  indicate  comparative  yield  trom  year  to  year  tor  each  product 


APPENDIX  12 

TYPICAL  FREEZE  DRYER  OPERATING  COST  PER  BATCH  1979  (AT  1981  COSTS) 


Basrs  Single  8hr  sniti  operation 
2?0  clays  p  a 
1981  costs 

■  semi  variable  depending  on  meal  being  freeze  aned 


S  "c 

Depreciation  at  15%  on  S260.000  1 ’7  68 

Heating  energy  '  J  1 

Other  power  costs  including  freezing  and  low  humidity  at  4  OC  kw  hr  '  23  9 

Freeze  dryer  operator  2  hr  at  $8  hr  16  6 

Other  operator  costs  3  hr  at  $5  hr  15  6 

Labour  on-costs  at  25  %  ’  3 

Supervision  quality  control  12  5 

Maintenance  utilities  5  2 

259  1 00 


APPENDIX  13 

PROCESSING  AND  MATERIAL  COSTS  FOR  FREEZE  DRIED  MEALS 

1979  (AT  1981  COSTS)  C  POUCH 


FREEZE  DRIED  MEAL 

1  tOq  POUCH 

F  0  YIELD 
kg 

MATERIAL 

COSTS 

PREPARATION 

S  PACKAGING 
LABOUR COSTS 

FREEZE 

DRYING 

COST 

TOTAL  COST 
PER  POUCH- 

Beef  S  Green  Beans 

65 

876 

36  1 

438 

167  5 

Lamb  &  Vegetable  Curry 

92 

105  4 

35  4 

30  9 

171  7 

Savoury  Steak  Fingrtrs 

8t 

88  0 

62  5 

35  1 

185  6 

Beef  &  Onions 

70 

87  7 

80  0 

40  7 

208  4 

Roast  Pork  &  Gravy 

79-" 

225  4 

65  6 

37  1" 

328  1 

■  Only  includes  costs  listed  m  table  to  illustrate  the  relative  cost  of  the  rnaior  cost  elements 
Packaging  costs  are  similar  for  each  meal  except  for  pork  and  gravy  which  required 
combination  of  pork  and  gravy  at  pouch  packing  operation 

"  Gravy  dried  separately 

■■■  Preparation  area  limitation 
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APPENDIX  14 

FIELD  EVALUATION  OF  ACCEPTABILITY  OF  AUSTRALIAN  RATION  PACKS  1974-1977 


I 


Dislike  very  much 


I 


APPENDIX  IS 

PROCESSING  COSTS  FOR  FREEZE  DRIED  MEALS 
1974, 1977,  S  1979  (AT  1991  COSTS)  C/POUCH 


YEAR 

1974 

1977 

1979 

Beef  &  Green  Beans 

1 

663(1) 

50  8(0  77) 

43  8(0  66) 

Lamb  &  Vegetable  Curry 

46  7(1) 

33  9(0  73) 

30  9(0  66) 

Savoury  Steak  Fingers 

570(1)  i 

44  5  (0  78) 

35.1  (0.62) 

Beef  &  Onions 

518(1) 

50  0  (0.96) 

40.7  (0.79) 

Roast  Pork  &  Gravy 

496(1) 

39  0  (0.79) 

37  1  (0  75) 

(  )  Brackets  indicate  comparative  ratio  of  cost  from  year  to  year 
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AMD5  'Anny  Depb  M  n:strv  o*  Deiem  e 
Lar'dsdowne  House  Bcrxeiev  Souam 
lON[)ON  Wi  Enaiarid 

Dei'utv  Ch:o*  Sc.enfist  iAr"-'v, 

SAG  •  As  sb 
M  O'Stry  of  Defence 
Mam  Bui'O'ng  Wh.ie*^a’i 
LONDON  SW  1A2HB  England 

Tno  Director 

Army  Personnel  Reseam*'  F'itabiiShr^pnt 

C  Royal  AtrcraM  Estabi  sn-Mmi 
FARNBOROUGH  Hants  Engand 

The  Informal  on  Oft-rer 
Bnt-sh  food  Manu’actur  ng  industries 
Research  Assoc, alcm 
Randalls  Road  Lr'atnem*. ad 
SURREY  KT22'Ri'  Enuian.d 

Tho  t  ‘bra'ian 
f  t'Od  ReS*‘ar'  h  ifist  tuto 
Ci'lney  Lan<. 

Nor  A  ( 

NORFOLK  NRJ  ’04 


Nc  OF 
COP'FS 


1 


1 


1 


1 

N2  OF 
COPirS 


1 


1 


1 
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OVERSEAS  ESTABLISHMENTS  Cont'd 


OVERSEAS  ESTABLISHMENTS  Cont'd 


L  .tr''  '  ■*  (  f 

Mi'uSf  Sia”'*?'": 

[ON[)r)N  Sf  1  '>NO  6 

L  a'' 

A  R  C 

Lana'of  1  BSt8  ’OV 

l)f  D  J  M'W^•^•nv 

M  niSlrv  (it  Adfrulturf''  f  ■S»^On*'S  A  f  00(1 

f  o'-fl  Labofalofv  Ha'd  n  Houso 
OuPon  Strco! 

NORWICH  Nnr‘olk  NR?  4SK 

Bnaiarci  1 

T*^o  L'brana'^ 

National  Co'ioGC;  o*  F  i)Oc}  To-npoionv 
UoivffSitv  o<  Roadma 
St  Goorao  Avonuo  W(‘vbiidqn 
SURREY  England  i 

Tne  Director 

Tropical  Products  Institulo 
Gray  S  Inn  Road 

LONDON  WCtX  8LU  Engiand  1 

CANADA 

National  Dofonce  Hoadquadors 

101  Colonel  By  Dr ’ve  Ottawa  Onta^-oKi  A  OK? 

lai  D  Food  S  ? 

(bi  Dcorw  3  1 

(oNOhO  Main  Library  i 

SRI  LANKA 

flifOClOr 

F  Qort  Resoarcn  and  Nutrition  Counra 
C:  f  oort  CornrTUSSionor 

Un-on  Plar'e 

COLOMBO  Sf'  Lanka  1 


N. 

NEW  ZEALAND 

Si  -O'd'*  >  t  ‘^’ar  s''  * 

No. a  Bas.-  F\  s’  0*‘  *' 

AuCKi  AND  Nca  /I'a'a''.: 

AsSiSta'M  C'^  D(‘r-  n.-(  Sto” 

Dol,-.pr.-  M-M  -jqua'V*'- 

Pr:.ar»'  Bad 

WELLINGTON  N'-.\  Z'-aa-'t 
DTMC 

RNZCT  D  r->rl.-a!" 

HO  N  Z  Lan,-:  F  vr-.-s 
P'A-ale  Bad 

TAKAPUNA  Aur-ia’'d  NZ 

PAPUA  NEW  GUINEA 

Headquartert; 

Australia'"  Dr'‘er"r.-  CC-  -  porat.c-n  G'o.Jt- 
(HO  ADCG 
PO  Box??’!’ 

KONEDOBU  Pud  Momsbv 

PHILIPPINES 

Scionre  Rcsnarcn  Supervisor 
Food  Resea'cn  O'v  S'on 
Food  ano  Nulnt-on  Rosearcn  institute 
MANILA  Pn.iippmcs 

UNITED  STATES  OF  AMERICA 

Chief 

Food  and  NuU  lion  Section 
NASA  Manned  Scarecratt  Center 
HOUSTON  Texas 
Director 

US  Army  NaLo  Laborator-os 

rFood  Laboratory  I 

NATICK  Massachusetts  u  S  A 


federal  REPUBLIC  OF  GERMANY 

Armed  Services  FourJ  Chf>'Tvst 
89  Supply  Depot  RAOl,  rBF  PO  40 1 
V-ersen 

F'l-'Oerai  Rr'PuPliC  Ot  Germany  1 

GHANA 
Detenre  Adv'Ser 
Ghana  High  Comn-'SS'on 
1 3  Beigrave  Square 
LONDON  SWIX  8PR  Fntjiand 

INDIA 

Di'r''cfnf  Cienerai 

Researcn  and  Dr'v<”uprr  e'''t  O'dan  sat-  in 
M'rvstrv  of  Defence 
New  Dc'ih'  1  1 

Tn*'  O'rr’f  for 

[)f>t<-n(H’  F  ,„i(,id  Rf 'Si’a'r  *'  I  abi  rarfi'y 
JveThi  Nagar 
Mysore  •"vii  010  i-'  t 

MALAYSIA 

i>r»ir  t(ir 

(Jf'rcnc*'  f^cSr'H'  ’  ( 

Ministry  >,r  ncN-’'  < 

R,'S‘  Ra'idn  Rn'.r  t 

kuAi  a  I  i  >\‘Pi  ;R  M.na.S’a 
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END 


DATE 

FILMED 


w 


